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Figure 2. Different Deposition Site of HDL and LDL/LPC in a Coronary Artery
A 62-year-old man with stable angina is shown. (A) Angiogram of left coronary artery shows a slight stenosis in the proximal (arrow b) to middle segment (arrow c) of
anterior descending artery. (B) Conventional angioscopic image of the portion indicated by arrow b in (A), shows light yellow plaque. The arrowhead indicates the
guidewire. (B-1) CFA image of the same portion after administration of FG, shows diffuse brown ﬂuorescence, indicating diffuse deposition of HDL (arrow). (C)
Conventional angioscopic image of the portion indicated by arrow c in (A), shows a yellow plaque (arrow). The arrowhead indicates the guidewire. (C-1) CFA image
of the same portion after administration of FG shows red (arrow) ﬂuorescence, indicating deposition of LDL/LPC. CAG ¼ coronary angiography. Abbreviations as in
Figures 1 and 2.
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1017decreased in the order of white plaques, normal segments, and
yellow plaques and the incidences of LDL/LPC increased in
the same order. No obvious complications were noted during and
after CFA.
The results suggest that HDL begins to deposit in the human
coronary arterial wall in the early stage of atherosclerosis, increases in
deposits with plaque growth, but decreases in plaques at advanced
stage, possibly replaced by LDL/LPC. Also, although limited to
HDL subtype 2b, which is deposited within 200 mm in depth from
the luminal surface, CFA using FG may be feasible for imaging of
native HDL in the coronary arterial wall.
Yasumi Uchida, MD,* Yasuto Uchida, MD,
Nobuyuki Hiruta, MD, PhD, Ei Shimoyama, MD,
Eikou Sugiyama, MD
*Japan Foundation for Cardiovascular Research, 2-30-17 Narashinodai,
Funabashi, Chiba-ken, Japan 274-0063. E-mail: uchiy@ta2.so-net.ne.jp
http://dx.doi.org/10.1016/j.jcmg.2013.02.009
R E F E R E N C E S
1. Rodrigues EB, Penha FM, de Paula Fiod Costa E, et al. Ability of new
vital dyes to stain intraocular membranes and tissues in ocular surgery. Am
J Ophthalmol 2010;149:265–77.
2. Uchida Y, Uchida H, Kawai S, et al. Detection of vulnerable coronary
plaques by color ﬂuorescent angioscopy. J Am Coll Cardiol Img 2010;3:
398–408.
3. Uchida Y. Clinical classiﬁcation of coronary plaques. In: Uchida Y, editor.
Coronary Angioscopy. Armonk, NY: Futura Publishing, 2001:71–81.Predicting Impending Rupture
of the Ascending Aorta With
Bicuspid Aortic Valve
Spatiotemporal Flow and Wall Shear Stress
Bicuspid aortic valve (BAV) is the most common congenital cardiac
anomaly with a prevalence of 1% to 2% in the general populations.
Acute dissection and rupture of the ascending aorta in patients of
aortic stenosis due to BAV carries very poor prognosis. The aortic
wall abnormality is known to be an integral part of the BAV syn-
drome. The changes in the aortic wall are known to be due to several
causes including genetic, developmental and hemodynamic factors
(1). However, while signiﬁcant efforts have been devoted to eluci-
dating the genetic and developmental aspects, the effect of hemo-
dynamic factors has been less adequately deﬁned despite some recent
attempts made in imaging and/or computational approaches (2).
Previous ﬂow studies focused on characterizing aortic ﬂow patterns
and quantiﬁed hemodynamic shear stress (3). However, the all-
important changes in the structure of the aortic wall and their
causes (4) have not been adequately studied in patients with BAV.
Here, we describe a patient in whom an extensive damage of the
aortic wall is colocalized with hemodynamic jet impact, using a
noninvasive technique that could also be used to predict damage to
the aortic wall.
A male patient, 46 years of age, presented with symptomatic aortic
valve stenosis due to a BAVwith fusion of right and noncoronary cusps
(Fig. 1A). In an attempt to deﬁne the degree of dilation of ascending
Figure 1. Flow and Endothelial Shear Stress Patterns and Structural Wall
Damage Co-Localized With Flow Impact
(A) Photographic image of the pre-operative valve taken in the operating
theater (top left). Pre- (top right) and post-operative (bottom right) ﬂow and
endothelial shear stress patterns, at the peak ﬂow (see Online Videos 1 and 2
for pre-operative results). A strong jet impacts on the anterior-lateral wall of the
aorta pre-operatively, yielding a focal high shear stress area whereas the jet is
no more observed post-operatively. (B) Cardiac-cycle-averaged aortic wall
shear stress (left), arterial wall specimen from region of the jet impact (bottom
right), and Elastin VanGieson stainings (top and middle right). Shear stress
map is colored for the range higher than physiological normal (1 to 7 Pa) in
order to highlight the excessive stress level at the jet impact. The histology
showed area of thinned wall and media disruption at the ﬂow impact (middle
right). In the thinned area of the wall, the loss of normal lamellar organization
is observed in comparison to a normal human aorta (top right).
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1018aorta and characterize ﬂow dynamics in the aortic root, magnetic
resonance imaging using1.5-Tclinical scannerwas performed.Breath-
holding and electrocardiography-gated sequence with contrast agent
was used to acquire bright blood transversal images from the thorax at
2.5 mm interval (0.703 mm/pixel in-plane resolution). Phase-contrast
images were also acquired at mid-sinus level (5.0 mm slice thickness
and 1.328 mm/pixel in-plane resolution) at 20 timings during the
cardiac cycle using breath-holding and electrocardiography-gated
sequence with 450 cm/s of encoding velocity.The acquired anatomical images were segmented in reference
to image intensity to reconstruct vascular anatomy in 3D. Spatio-
temporal evolution of the blood ﬂow in the aorta as well as wall
shear stress were calculated using computational ﬂuid dynamics
(CFD) using the reconstructed anatomical model and the cross-
sectional, through-plane velocity proﬁle based on phase-contrast
magnetic resonance images. Here, the anatomical model was trun-
cated at the mid-sinus level and the spatiotemporal velocity proﬁle
was mapped as boundary conditions. The aortic wall was assumed to
be rigid and no turbulence model was used. The assumptions
potentially lead to the shear stress value overestimated but in the
condition of the present study, the aortic anatomy and inﬂow
condition are expected to be more dominant. Details of the pro-
cedure, including quality control of computational mesh, can be
found in our previous papers (5).
A hemodynamic jet through the stenosed valve with 4.46 m/s was
measured which impinged on a localized area of the outer-curvature
of the ascending aorta. Stress mapping of this region showed
endothelial shear stress of 18.56 Pa, which could be extremely
damaging over time with progressive thinning of the aorta (Fig. 1B).
Per operative and histological observation showed a localized area of
extreme aortic wall thinning: 390 mm in thickness with complete
interruption of the media and absence of elastic ﬁbers and smooth
muscle cells, which were compatible with impending rupture
(Fig. 1B). The aortic wall in this area was represented by a thinned-
out adventitia layer. Even in the thicker part of the wall, there were
areas devoid of elastic ﬁbers and smooth muscle cells indicating the
loss of normal lamellar organization of alternative layers of elastic
ﬁbers, smooth muscle cells, and collagen. This area corresponded to
the area deﬁned by magnetic resonance imaging and CFD as being
impinged on by an extremely fast jet. The aneurysmal aorta
measuring 7.5 cm in diameter was excised and was replaced with a
Dacron graft (Hemashield, Boston Scientiﬁc, Natick, Massachu-
setts) 30 mm in diameter. The aortic valve, which was extremely
heavily calciﬁed, was replaced with 27 Freestyle porcine xenograft
root (Medtronic, Inc., Minneapolis, Minnesota).
Post-operative magnetic resonance imaging and CFD were per-
formed 13 months after operation using exactly the same method as
pre-operatively, except for encoding velocity in phase-contrast MR
acquisition (Venc ¼ 200 cm/s). The result showed smooth ﬂow
pattern in the aortic root, along the ascending aorta and arch without
any jet (maximum velocity 1.43 m/s). The maximal level of endo-
thelial shear stress was 5.32 Pa, which falls within the normal limits.
This case demonstrates that abnormal hemodynamics can lead to
severe localized structural damage to the aortic wall.
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